Europe began in the early Middle Ages (Niederle, 1896 ; Alekseeva, 1973 ; Sedov, 1979) . However, anthropologically the Russians, Ukrainians and Belorussians -the main modern ethnic groups of Eastern Slavs -are heterogeneous (Alekseeva & Alekseev, 1989) . There are several theories on the origin of Eastern Slavs. These theories are based on the morphological, cultural and genetic variation represented in modern and ancient Eastern Slavonic populations. Currently, hypotheses can be classified into two groups : hybridization and transformation theories. Hybridization theories claim that modern Russians, Ukrainians and Belorussians are the result of an admixture between Slavonic tribes, whose homeland was probably in central Europe, and pre-Slavonic populations of eastern Europe, such as FinnoUgric (on the north-west and east of eastern Europe), Baltic (on the west) and Iranic tribes (on the south) (Alekseeva, 1973) . This theory predicts that Eastern Slavs have genes deriving from both the Slavonic and pre-Slavonic people.
On the other hand, transformation theory posits that Russians, as well as Ukrainians, gradually evolved from ancient populations of eastern Europe, at least from the Late Bronze Age (Alekseev, 1989) . In this theory, in the early Middle Ages Slavonic people might have contributed culturally but not genetically to the formation of Eastern Slavonic tribes, imposing a language of the Slavonic group. In this scenario, a model of linguistic replacement, and most likely an elite dominance process (Renfrew, 1994) , is assumed.
However these theories of the Eastern Slavs origin were primarily based on the morphological evidence. Therefore, it is necessary to study the origin and formation of the modern Russians, Ukrainians and Belorussians on the basis of molecular genetic evidence. The first studies of the mtDNA non-coding hypervariable segment I (HVS I) sequences, as well as restriction enzyme analysis in the coding region, have allowed us to conclude that the Eastern Slavs are closely related to the western European populations (Malyarchuk et al. 1995 ; Malyarchuk, 1997) . Recent analysis of the mtDNA HVS I of Russian populations from the European part of Russia (Orekhov et al. 1999 ) is completely in agreement with this conclusion. To study the origin of the Eastern Slavs in detail, we present here mtDNA diversity data in Russians and Ukrainians, based on the HVS I sequences typed for the presence of major West Eurasian haplogroup-specific markers, described by Macaulay et al. (1999) .
  
Subjects and mtDNA analysis DNA samples from 50 Russians and 18 Ukrainians were obtained from maternallyunrelated individuals residing in Magadan, north-eastern Siberia, and originating from different regions of the former Soviet Union.
PCR fragments, encompassing the entire mtDNA first hypervariable segment, were amplified using amplification primers L15926 and H16498 (Di Rienzo & Wilson, 1991) . Nucleotide sequences between nucleotide positions (nps) 16000 and 16400 were determined by use of the Sanger dideoxy chain-termination method and Sequenase enzyme with amplification primers as sequencing primers. The HVS I sequences obtained were compared with the Cambridge reference sequence -CRS (Anderson et al. 1981) .
To determine the RFLP haplogroup status of the Eastern Slavonic sequences, RFLP typing was performed by restriction endonuclease analysis of PCR amplified mtDNA fragments using the same primer pairs and amplification conditions as described by Torroni et al. (1996 Torroni et al. ( , 1997 . The samples were typed for a restricted set of RFLPs that were diagnostic of all major west Eurasian clusters, on the basis of the hierarchical mtDNA RFLP scheme (Macaulay et al. 1999) .
To determine haplogroup H sequences, all samples were tested for 14766MseI, 10394DdeI, and 7025AluI. Samples lacking these three sites were assigned to cluster H. Haplogroup H samples were tested for 4332AvaII (Torroni et al. 1994) and those harbouring j4332AvaII and 16304C in HVS I were assigned to subhaplogroup H1. All non-H samples harbouring k14766MseI and k10394DdeI were tested for 4577NlaIII, and samples lacking the NlaIII site were classified as cluster V. All non-H and non-V samples (k14766MseI and k10394DdeI) were determined as HV*.
All non-HV samples were tested for 12308HinfI. Those with j12308HinfI were assigned to clusters U and K, and were further determined as belonging to haplogroup K or to subgroups of the haplogroup U on the basis of the HVS I motif information (Richards et al. 1998 ; Macaulay et al. 1999) .
The remaining samples were tested for 13366BamHI, 15606AluI, 15925MspI, and 12629AvaII. Those with j13366BamHI, j15606AluI, and k15925MspI were assigned to cluster T. The haplogroup T sequences lacking the 12629AvaII site were classified as T1, whereas those with j12629AvaII were determined as T*.
The remaining samples were tested for 13704BstOI, and those with k13704BstOI and j10394DdeI were classified as J.
The remaining mtDNAs were further classified as follows : j14465AccI to cluster X ; j10394DdeI and j10397AluI to cluster M. M-sequences were classified as belonging to haplogroup Z on the basis of the HVS I motif information (Schurr et al. 1999) . Haplogroups I and W sequences were also determined on the basis of the HVS I motifs classification (Richards et al. 1998 ; Macaulay et al. 1999) .
Phylogenetic analyses
The phylogenetic relationships between mitochondrial haplotypes comprising various combinations of the HVS I sequences and RFLPs were analysed by the median-network method (Bandelt et al. 1995) .
To infer the phylogenetic relationships between populations, HVS I sequence data from 19 populations from Europe and Asia Minor (total sample of 1045 individuals) were used. Previously published HVS I sequences were edited to a standard length (nps 16051-16362), deletion and insertion polymorphisms were removed. Populations coded as : TUR1 -29 Turks ; TUR2 -45 Turks (Comas et al. 1996) ; ADY -50 Adygei (Macaulay et al. 1999) ; BUL -30 Bulgarians ; TUS -49 Tuscans ; GER1 -200 Southern Germans (Lutz et al. 1998) ; GER2 -50 Western Germans (Baasner et al. 1998) ; SWI -74 Swiss (Pult et al. 1994) ; AUS -101 Austrians (Parson et al. 1998 (Orekhov et al. 1999) .
The relationships between these populations were studied through intermatch-mismatch diversity values using the Sendbs program (provided by N. Takezaki, National Institute of Genetics, Tokyo). Several DNA distances between populations were calculated after a 1000 haplotype permutation between populations, and the neighbour-joining (NJ) tree was built.
Comparative analysis of mtDNA data
For a sequence sharing analysis, published HVS I haplotypes from Eurasian populations (in a combined set of 2799 individuals) were compared with the HVS I sequences of Russians and Ukrainians presented here. In addition to the populations mentioned above, data from the following populations were used : 42 Middle Easterners and 69 Sardinians (Di Rienzo & Wilson, 1991) ; 45 Israeli Druze (Macaulay et al. 1999) ; 85 Algerians and 54 Portuguese (Co# rte- ; 18 Berbers and 56 Canary Islanders (Pinto et al. 1996) ; 139 Spanish (Co# rteReal et al. 1996 ; Pinto et al. 1996 ; Torroni et al. 1999) ; 105 Basques (Bertranpetit et al. 1995 ; Co# rte-Real et al. 1996) ; 22 Turks, 29 Finns, 33 Danes, 107 Northern Germans, 49 Bavarians ; 32 Russian Germans from a German community in western Siberia (Baranov et al. 1999) ; 73 Finns and 28 Swedes (Kittles et al. 1999) ; 261 British (Piercy et al. 1993 ; Richards et al. 1996) ; 70 individuals from the eastern Italian Alps (Stenico et al. 1996) ; 205 subjects from central Asian admixed populations of East Asian and European ancestry : 55 Kazakh, 95 Kirghiz, 55 Uighur (Comas et al. 1998) ; 300 individuals from India . HVS I sequences of the Ossetians, Georgians, and Armenians from the Caucasus, represented in the form of median networks , were also analysed.
In addition, HVS I sequence data on 572 East Asians and native Siberians (Shields et al. 1993 ; Horai et al. 1996 ; Kolman et al. 1996 ; Derenko & Shields, 1997 ; Kazakovtseva, 1998) were incorporated into the analysis.
  

Sequence variability in Russians and Ukrainians
In the present study, we have sequenced the mtDNA region between nps 16000 and 16400 encompassing hypervariable segment I (HVS I) in 50 Russians and 18 Ukrainians. Overall, 48 nucleotide sites were polymorphic (Table 1) . Only two sites presented transversions, both C to A, at nps 16114 and 16242. Among transitions, there is a high proportion of pyrimidine substitutions (37 positions) compared to purine transitions (9 positions).
Sequence comparison detected 54 different mitochondrial haplotypes (Table 1) , 9 of them were found more than once in the total sample, 6 were shared between Russians and Ukrainians. Forty-four HVS I sequence types were found in 50 Russians. The most frequently occurring sequence types in the Russians were the CRS (Anderson et al. 1981 ) -one of the most frequent HVS I sequences in West Eurasia -and the 16069T-16126C haplotype belonging to haplogroup J (in 4 and 3 individuals, respectively). The results confirm the high variability of the mtDNA control region in the Ukrainians, with 16 different haplotypes in 18 individuals studied. The most frequent sequences in this small sample of Ukrainians were haplotypes 16223T (in two individuals) and 16126C-16294T-16296T-16304C (in two individuals).
The pairwise nucleotide difference distributions for the Russians and Ukrainians, as well as for most European populations, are clearly bell-shaped, unimodal being consistent with exponentially growing populations with different periods of expansion (Rogers & Harpending, 1992) . Russians show peaks at four differences, with a mean of 4.56p0.52 differences (standard error based on 1000 bootstraps), whereas Ukrainians exhibit peaks at five differences and a higher mean (4.76p0.64). These means of pairwise differences are in accordance with previous data for European populations (Comas et al. 1997) .
Population phylogenetic analysis
By means of phylogenetic analysis it has been shown recently Comas et al. 1997 ) that European populations demonstrate limited genetic differentiation. Limited geographic patterning of mtDNA diversity in Europe was observed also when autocorrelation statistics were used (Simoni et al. 2000) . Low differentiation suggests that most mitochondrial sequences in eastern and western Europe have a local and common ancestry in the Upper Paleolithic and Neolithic ages.
Although all European populations have very small genetic distances between them (not shown), the results of phylogenetic analysis demonstrate a considerable heterogeneity of Russian populations. Figure 1 shows a NJ tree for 19 populations, which was constructed on the basis of the HVS I sequences. This population tree demonstrates a major division between populations from Asia Minor and southern Europe (Turks and Tuscans) and the remaining populations, which can be divided into two subclusters : one that includes the Ukrainians, Bulgarians and Adygei, and another subcluster that includes the majority of European populations analysed. We should note, however, that the majority of clusters in the NJ tree had very low bootstrap probabilities ( 50 %). The cluster that had more support (bootstrap value is 54 %) included the Bulgarians and Adygei.
It is interesting that Russian populations do not cluster together and that Russians from the southern European part of Russia (Kursk -RUS4) are closely related to ' southern ' populations, such as Turks and Tuscans, whereas the Russians from the central-northern European part of Russia (Kostroma -RUS2) and Russians from Magadan (RUS1) are clustered together with the Volga Finnic sample, Swedes and Austrians. The sample from the central European region of Russia (Rjazan -RUS3) is closely related to the Southern Germans and Swiss. The Slavonic-speaking Bulgarians and Ukrainians occupy the third position on the mitochondrial phylogenetic tree together with the Adygei from Northern Caucasus. It seems that these populations are grouped together on the basis of an anthropological criterion because the Pontic anthropological type characterizes them (Alekseeva & Alekseev, 1989) .
In general, the results of phylogenetic analysis indicate that Slavonic populations sharing the Anderson et al. 1981) . Mutations are transitions, transversions are further specified.
c Haplogroup membership was determined as described in Materials and Methods. d Despite being k7025AluI, this sample has a clear U5 HVS I and RFLP motif. same language group display a large amount of interpopulation genetic variation.
Shared HVS I sequence types between Eastern Slavs and other European populations
Together with the published sequence data for 103 Russians from European regions of Russia (Orekhov et al. 1999 ), a total of 153 sequences were analysed in the Russians. There were 99 distinct types of HVS I sequences in total. We identified twelve sequence types shared among Russian populations. However, only two sequence types were found in common between all four Russian populations, as well as between Russians and Ukrainians -CRS and sequence type 16069T-16126C, belonging to haplogroup J. Two HVS I sequences (16304C and 16224C-16311C) were shared between three Russian populations, and the remaining eight sequence types were found in common among two populations -16356C, 16189C-16356C, 16093C, 16311C, 16362C, 16325C, 16162G, 16126C-16163G-16186T-16189C-16294T.
In order to create the most appropriate model for the origins of the Russians and Ukrainians, representing the main large ethnic groups of Eastern Slavs, we examined the HVS I sequence variation in a population of Ukrainians and in four populations of Russians (including data from Orekhov et al. 1999) in comparison with published sequence data for 41 populations (2696 individuals in total) from West Eurasia, North Africa, Central Asia, and India. In addition, HVS I sequence data on 572 Asians, including native Siberians, were incorporated into the analysis.
This analysis revealed that among 99 HVS I sequence types that were found in Russians, 43 were unique to Russians. Among 16 HVS I sequence types in Ukrainians studied, 4 were unique to this population. We should note that all unique types observed in Russians and Ukrainians appear to be derived from the HVS I sequence types previously described in Eurasian populations. Therefore, we have not found any specific combinations of unique mtDNA types clearly distinguishing Russians from the neighbouring eastern European populations, such as Estonians, Karelians, Volga Finnic and Adygei.
Among HVS I sequence types shared between Eastern Slavs and other populations (56 in Russians and 12 in Ukrainians), the majority of these HVS I sequences were found in common among many western Eurasian populations. The maximum numbers of identical sequence types between Russians and other populations in pairwise comparisons were observed between Russians and Southern Germans (20 shared types), Northern Germans (18 types), Austrians (16 types), Estonians (15 types), and Karelians (15 types). A relatively large number of common types were also found between Ukrainians and Northern Germans (10 types), and Russians (9 types).
To identify the closest populations to Russians, we have excluded from analysis the most frequent HVS I sequence types, which were in common between more than six populations. As a result, we found 27 relatively rare mtDNA types. Of these, 14 sequence types were shared between Russians and German populations (Southern, Northern and Western Germans [6, 5 and 1 shared types, respectively], and Austrians [5 shared types]), and 13 sequence types were found in common between Russians and eastern European Finnic populations (Volga Finnic, Estonians, and Karelians [3, 6 and 4 types, respectively]), whereas 8 sequence types were shared among these German and Finnic populations. Therefore, we identified two groups of populations -central European (Germans and Austrians) and eastern European (Volga Finnic, Karelians, and Estonians) -that shared maximum numbers of rare HVS I sequence types with Russians. Though these results have to be treated with caution due to sampling errors, this kind of analysis has enabled us to detect two weak signals in the mitochondrial gene pool of Russians suggesting their dual (central and eastern European) origin and supporting the hybridization model for the origin of modern Russians. Undoubtedly, to elucidate the origin of the Eastern Slavs, an additional analysis of lineage sharing is required after a much more extensive sampling of Slavonic and other European populations has been performed.
RFLP and HVS I combined data from the Russians and Ukrainians
To identify the HVS I sequences of the Eastern Slavs, RFLPs typing of the haplogroup-diagnostic sites was performed. The HVS I sequences and RFLP status of these mtDNAs are reported in Table 1 . The phylogenetic relationships of the RFLP-typed HVS I sequences are shown in Fig. 2 .
The HVS I sequences of Russians and Ukrainians are clustered into eight haplogroups, according to a nomenclature which is now commonly accepted (Macaulay et al. 1999 ) : H, V, HV*, U, K, J, T, X, though the haplogroups I, W and Z only harbour single individuals.
The main mitochondrial haplogroup of the Eastern Slavonic sequences is group H, which is the most frequent haplogroup in Europe and also common in the Near East (Richards et al. 1998) . Haplogroup H comprises the majority of the Russian (38.0 %) and Ukrainian (44.0 %) samples. Although most of these sequences have et al. 1999) . Circle size is proportional to the haplotype frequency in populations. Samples from other populations (marked by black dots) are used to refine the network. Reticulations indicate ambiguity in the topology. been observed in other European populations, some peculiarities of the H-sequences in Eastern Slavs were observed. Thus, in the Ukrainians, we have found an HVS I sequence type differing from the CRS at np 16223 (individuals UKR84 and UKR86). Note that 16223T HVS I sequences have been previously described at low frequencies in different West Eurasian populations, but most of these sequences were assigned to the cluster IWX* (Richards et al. 1998) . Screening of the published HVS I and II data allowed us to reveal the only 16223T-sequence which was observed in a Southern German population (GER161 in Lutz et al. 1998) and can be determined as belonging to the haplogroup H, being found in association with 00073A variant. Another interesting feature of the Eastern Slavonic haplogroup H diversity is the presence of the lineage with motif 16304C-16311C (individuals RUS29 and RUS31). Recently, Helgason et al. (2000) , in their study of the mtDNA lineages in the Icelanders, described separate subhaplogroup H1 within haplogroup H HVS I sequences. The candidate ancestral HVS I sequence type of H1 is 16304C in association with the 16519T. This haplotype represents the majority of subhaplogroup H1 mtDNAs, being found in different populations of West Eurasia, and is central to the phylogeny of the remaining H1 haplotypes (Fig. 3) . Subhaplogroup H1 shows some degree of genetic substructure - Helgason et al. (2000) noted that the only lineages with motifs 16304C-16274A and 16304C-16305G show restricted north-western European geographic distribution, with prevalence of the lineage 16304C-16274A in Germany and Iceland and lineage 16304C-16305G in Iceland and the Faroe Islands. However, additional H1 lineages, which are characterized by different combinations of nucleotides at nps 16192, 16294, 16304, 16311 and 16320, are observed in the mitochondrial gene pool of Europeans. Analysis of the published data allowed us to find at least 14 HVS I sequence types comprising different nucleotide combinations at positions mentioned above ( Table 2 ). The members of this set of subhaplogroup H1 sequences have been observed in different Germanic-speaking people and in the Russians (Table 2) , although at a low frequency, but the majority of them are characteristic for populations of Germany.
; Macaulay
It is difficult to estimate distribution and ND Danes% HVS I sequences, identified as belonging to haplogroup H by using of RFLP analysis or HVS II sequencing, from the following studies were analysed : " present study, # Baranov et al. 1999 , $ Parson et al. 1998 , & Miller et al. 1996 , ' Lutz et al. 1998 , ( Helgason et al. 2000 , ) Sajantila et al. 1995 , * Baasner et al. 1998 , "! Piercy et al. 1993 .
ND, not determined.
diversity of the subhaplogroup H1 sequences in European populations now because of the absence of any additional markers in mtDNA coding regions required for any subhaplogroup H1 status confirmation. We should note only that the variant j4332AvaII (4336C) seems to be diagnostic for subhaplogroup H1, being found in association with HVS I sequence types with motif 16304C-16311C in Russians (individuals RUS29 and RUS31) and in combination with the k16303RsaI variant (16304C) in HVS I, as well as with motif k16303RsaI\k16310RsaI (or 16304C-16311C) (Torroni et al. 1994 (Torroni et al. , 1996 (Torroni et al. , 1998 . However, additional detailed studies are required to elucidate the origin and diversification of the subhaplogroup H1 mtDNAs. In addition, phylogenetic relationships between the majority of HVS I sequences belonging to the H1 remain ambiguous and, therefore, the branching order of these H1-sequences cannot be resolved. For instance, a set of sequence types, which are characterized by different combinations of nucleotides at nps 16192, 16294, 16304, 16311 and 16320, cannot be differentiated phylogenetically into separate lineages of the subhaplogroup H1 because of the high degree of reticulations in the topology of phylogenetic networks (Fig. 3) .
Among HVS I sequence types shared between Russians and Ukrainians, there is a small lineage within haplogroup H determined by nucleotide 16325C -haplotypes 16325C, 16093C-16325C in the present study and 16325C, 16304C-16325C in Orekhov et al. (1999) . This lineage is curiously rare in other European populations, being probably found in Germans (16189C-16325C, 16256T-16325C), Algerians (16320T-16325C) and Basques (16320T-16323C-16325C ). The origin and distribution of this rare 16325C lineage in Eurasian populations remains unclear.
In addition, the analysis of geographic distribution of the HVS I sequences has revealed that similar or identical HVS I sequence types determined by combinations of the nucleotides at nps 16304, 16311, and 16325 are found not only in European populations, but also in Indian ones. However, it was shown recently (Kivisild et al. 1999 b) that the Indian mtDNAs with motifs 16304C-16311C, 16266T-16304C-16311C, 16266T-16304C-16325C belong to the haplogroups R* and R1, although some HVS I sequences (motif 16309G-16325C) are members of haplogroup HV*. It is not clear whether the similarity of the HVS I molecular structures in Europeans and Indians is caused by independent mutations at nps 16304, 16311, and 16325 on the RFLP-backgrounds of haplogroup H (in Europe) and haplogroups R* and HV* (in India), or that this demonstrates an ancient genetic link between Europeans and Indians, supporting the common origin of Indian and European mtDNA lineages . Although the positions 16304, 16311, and 16325 have been identified as fast sites in a European data (Richards et al. 1998 ; Macaulay et al. 1999) , one cannot exclude the possibility, as it was proposed by Richards et al. (1998) , that cluster H includes several of the oldest subclusters, including ones based on haplotypes 16304C, 16311C, and 16325C. Additional studies are required to clarify this.
The node designated as HV* (Richards et al. 1998 ) is highly important in mtDNA phylogeny because two haplogroups, H and V, the most frequent in Europe, descend from it. It was suggested ) that the expansion (and possibly origin) of haplogroup HV* began from the Caucasus area -around 8.0 % of Ossetians, Armenians, and Georgians are ascribed to haplogroup HV*, whereas it is rare among western Europeans. Among Eastern Slavs studied, three HVS I sequence types in Russians -16311C (RUS50, RUS81), 16266T-16311C (RUS26), and 16153A (RUS49) -are identified as belonging to haplogroup HV* (RFLP motif : k14766MseI, j7025AluI). HVS I sequences 16311C are frequently found in West Eurasian populations (Richards et al. 1998 ) and belong mostly to haplogroup H. Though it has been shown recently ) that sequence type 16311C, as one of the possible subfounders of haplogroup HV*, appears to be widespread among populations of the Caucasus, such as Ossetians and Georgians. In addition, on the basis of mtDNA variation in the Icelanders, Helgason et al. (2000) have suggested that 16311C lineages belonging to HV* form a separate cluster HV2.
In Eastern Slavs, 16126C-sequences are represented by three haplogroups -pre-HV*, J and T. Sequence type RUS2 is member of the lineage that is defined by HVS I motif 16126C-16362C and belongs to cluster pre-HV* (Richards et al. 2000) . Haplogroup J sequences in Russians and Ukrainians presented here, as well as in other Russian populations (Orekhov et al. 1999) , are characterized by reduced diversity -almost all of them (83.0 %) have sequence type 16069T-16126C and belong to subgroup J*. A similar pattern of the haplogroup J subgroups' distribution is characteristic of other eastern European populations, such as Estonians and Karelians.
Haplogroup T (HVS I motif : 16126C-16294T) represents 18.0 % and 16.7 % of the Russian and Ukrainian mtDNAs, respectively, and includes two distinct subgroups, T* and T1. This haplogroup is also one of the most frequent in other Russian populations studied, with a frequency of 11.6 %, on average (Orekhov et al. 1999) . Some description of the haplogroup T variation in Russians and Ukrainians was presented recently , although in the context of a study of the molecular instability of the haplogroup T HVS I sequences. We should note only that sequence type RUS3 (16294T-16304C) shares identical HVS I sequence with subhaplogroup H1 sequences ( Table 2) . Nevertheless, this sample is characterized by T-specific RFLP motif j13366AluI\k13367AvaII, j15606AluI, k15925MspI and is identified as belonging to subgroup T*.
Haplogroups U and K sequences, which are defined by a variant j12308HinfI, were found in 14.0 % of the Russian mtDNAs and in 27.8 % of the Ukrainian mtDNAs. Of these, haplogroup K sequences are relatively rare in the Russian sample studied (2.0 %). On the contrary, haplogroup U itself is widely distributed in Eastern Slavonic populations and is represented by subgroups U*, U4 and U5. Some striking Lutz et al. 1998 , # Orekhov et al. 1999 , $ Kazakovtseva 1998 , % Macaulay et al. 1999 , & Kittles et al. 1999 , ( Piercy et al. 1993 , ) Sajantila et al. 1995 peculiarities were found in Russian and Ukrainian U-sequences.
U5, the most frequent and ancient subgroup of haplogroup U in Europe (Torroni et al. 1996 ; Richards et al. 1998) , is represented in the Russians and Ukrainians by subgroups U5a1 and U5a1a. In addition, U5b-sequences (including Saami-specific U5b1 mtDNAs) have been found at a low frequency in the Russians (Orekhov et al. 1999) . Subgroup U5a1 has the whole HVS I motif 16192T-16256T-16270T, whereas other U5-subgroups are defined by motifs with the loss of 16192T, 16256T or both (Table 1 in Richards et al. 1998) . As suggested by Richards et al. (1998) , one cannot exclude the possibility that some subgroups of U5-sequences were generated by back-mutations at HVS I diagnostic nucleotide variants (from U5a1 to U5a1a, for instance). Here, we provide additional evidence of this, based on the compatibility analysis of the rare nucleotide variants (marker mutations) with various combinations of mutations at nps 16192, 16256, and 16270 (Table 3) . The transition C to T at np 16291 is rare in subgroup U5 sequences and is usually associated with U5a1-diagnostic motif. These sequences are spread evenly in different populations of West Eurasia (Table 3) . A search in the mtDNA sequence database reveals, however, a specific set of U5-sequences with variant 16291T developed, most likely, locally in two different regions of Eurasia -in northern Europe (among the Finns) and in western Siberia (among the Kets). It is interesting that divergence of these haplotypes was accompanied by two directions of evolutionary changes -by the loss of variant 16192T in the Finns and by the loss of variant 16256T, as well as arising of population-specific variant 16156A, in the Kets.
Recently, Finnila$ et al. (2000) have shown that np 16192 seems to be prone to recurrent mutations and that np 16270 has experienced a back-mutation. On the basis of mtDNA coding and non-coding regions variation in the Finns, Finnila$ et al. (2000) found mutations 5656A 4 G and 12618G 4 A shared by subhaplogroups U5a (with motif 16189C-16192T-16270T) and U5b (with motif 16189C-16270T), implying that the 16189C-16270T haplotype evolved by backmutation at np 16192 from the 16189C-16192T-16270T haplotype. Moreover, recently Howell & Smejkal (2000) found an extremely high rate of reversion (hypermutation) from T to C at np 16192 in subhaplogroup U5 mtDNAs that harboured the 16189C-16192T combination of HVS I polymorphisms.
Two last cases in Table 3 illustrate instability of the U5-sequnces at np 16270, the major motif of the subhaplogroup U5 as a whole. HVS I sequences marked by variant 16278T (rare on the subgroup U5 background) are found in common only between Ukrainians and Southern Germans. Haplotypes marked by variant 16076T (rare in the West Eurasian data set) are shared only between Russians and Finns. These examples, demonstrating kinship between Eastern Slavs and Germans, as well as Finno-Ugric populations, at the level of rare mtDNA sequences, give additional support to the hybridization model for the origin of Eastern Slavs.
Haplogroups X, W, and I sequences, characterized by the ancestral state at position 16223 (Richards et al. 1998 ), occurred at a low frequency (4 % and less) in the data set presented here, as well as in other populations of Russians (Orekhov et al. 1999) . The remaining HVS I sequence RUS9 belongs to haplogroup Z. Note that haplogroup Z sequences are found at a high frequency (26.2 %) in the Tungusic-speaking Evens of eastern Siberia (Derenko & Shields, 1997) , as well as at frequencies 5.8 % and 6.4 %, respectively, in the Koryaks and Itel'men of the Kamchatka peninsula (Schurr et al. 1999) , though the origin of haplogroup Z seems to be central Asian\eastern Siberian (Denisova et al. 1999) .
Taking into account the data of Orekhov et al. (1999) , one should conclude that the Mongoloid admixture in Russians appears to be insignificant (less than 3.0 %) and represented by haplogroups C and Z sequences. The presence of the Saamispecific haplogroup Z, as well as subgroup U5b1 sequences in the mitochondrial gene pool of Russians, we consider as a consequence of local Finno-Ugric tribes assimilation by Slavs during their movement to the North of eastern Europe. The presence of Asian-specific components, such as haplogroup C sequences, in the mitochondrial gene pool of Russians may be explained by their complicated ethnic history, including long-lasting interactions with Asians. However, in the study of mtDNA sequences only the female lineages are taken into account, whereas Mongoloid morphological traits in the Russians, revealed by anthropologists (Alekseeva, 1973) , might have been derived from male migrants.

Analysis of mtDNA variation in Eastern Slavonic populations allows us to suggest a few conclusions. First, the Russians and Ukrainians are characterized by the same West Eurasian mtDNA haplogroups that describe at least 95 % of mtDNA variations in Europe and the Near East (Torroni et al. 1996 ; Richards et al. 1996 Richards et al. , 1998 . Moreover, mtDNA haplotypes of the Russians and Ukrainians are profoundly close to those found in western and eastern Europe. We have observed a large amount of identical HVS I sequence types shared between Eastern Slavs and other Europeans. Second, phylogenetic analysis suggests that Eastern Slavs are heterogeneous at the population level. Their heterogeneity is also confirmed by the low amount of HVS I sequence types shared between populations of Russians. Third, analysis of distribution of rare HVS I types shared between populations of Eastern Slavs and other West Eurasians has shown that Russians share these mainly with Germans and Finno-Ugric populations, such as Volga Finnic, Karelians, and Estonians. This supports the hybridization model for the origin of Eastern Slavs. The most intriguing finding of this study, is a specific lineage 16304C-16311C within the subhaplogroup H1, representing 4 % of the Russian mtDNAs studied. These mtDNAs are found predominantly in common between Russians and Germanic-speaking populations and were most likely introduced to the East of Europe from central Europe during the Slavonic migrations.
Overall, the data obtained allow us to conclude that the Slavonic migrations in early Middle Ages from their putative homeland in central Europe to the East of Europe were mostly accompanied by the same mtDNA types characteristic for the pre-Slavonic populations of eastern Europe. The minor female contribution into Slavonic migrations may also explain the picture observed.
In addition, these data highlight the difficulty in the identification of clear coevolutionary patterns between linguistic and genetic relationships in particular human populations -in Slavonic populations, for instance. The evidence from the present study suggests that the assumption of a common central European origin of Slavs should be tested with studies that include mtDNA and Y chromosome loci and Slavonic populations from southern and western Europe. An appropriate linguistic model explaining distribution of Slavonic languages and culture on the background of genetic heterogeneity of modern Slavonic populations is also required.
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